ABSTRACT
138
The daily mean temperatures during the study period were 1.1 ± 2.6 °C (mean ± 139 SD, range = -4.5-10.9 °C), and the daily mean minimum temperatures were -2.2 ± 140 2.2 °C (range = -7.3-6.7 °C) (Japanese Meteorological Agency; 141 http://www.jma.go.jp/jma/index.html; accessed 2013-10-31). The study area was 142 covered in snow during this period; however, snow was sometimes absent in certain 143 places (e.g., roads).
144
The study group was the A87 troop of Japanese macaques, comprising 51 145 individuals, including 13 adult females (estimated as being either over 7 years of age 146 or parous) and 7 infants (less than 1 year of age). Four mother-infant pairs (Pairs ID1,
147
ID2, ID3, and ID4) were investigated in this study. The ages of the infants ranged 148 between 7 and 10 months during the study period. The focal infants consisted of 2 149 males and 2 females.
150
The focal mother-infant pairs were investigated by the focal animal sampling 151 method [Altmann, 1974] . Either a mother or her infant was observed as the focal 152 animal. Then, each animal was observed for 10 hours every 3 weeks. The total 153 observation time for each animal was 40 hours during the study period. Each animal 154 was continuously observed for 1 hour at a time. I changed focal animals each hour, 155 unless no other subject individuals were within view of the observer.
156
The focal animal's activities (feeding, grooming, resting, traveling, and other), [Altmann, 1974] at 3-min intervals. In this study, I present data for infants relating to 159 the time spent in contact with the mother's nipple and carriage by the mother. The 160 definition of "feeding" included not only taking food items into the mouth, but also 161 processing (e.g., removal of a husk or digging an item out of the ground), and 162 searching for (e.g., raking fallen leaves) food items by hand. When feeding was 163 observed, I recorded the food item species, the food parts, the size of the food items, 164 the need for processing, and the height at which feeding activity occurred. The food 165 item parts were categorized as bark, dormant buds, leaves, seeds (including acorns 166 and pinecones), roots (including rhizomes), twigs, and other. The size of food items 167 was classified into 2 categories: (1) small: a food item entering an infant's mouth in 1 168 bite (less than approximately 1 cm in width), and (2) large: 2 or more bites required.
169
The processing of food items was divided into 2 categories: (1) no processing 170 required before a food item was taken into the mouth, and (2) processing required 171 before a food item was taken into the mouth. The average height of food items was 
Relative feeding index

214
For each mother-infant pair, the difference in time spent feeding on each food 215 item by the mother and its infant was calculated using the following formula 
243
The VIF among the 4 factors (size, processing, height, and toughness) was low 244 enough for the analyses.
245
All possible combinations of independent factors were examined, and model height were selected by the second fit model with a △AIC of less than 2, and 295 processing was not selected (Table IIa) .
296
The size of the food item significantly affected the difference between mothers and 297 infants (Tables IIIa). Food items that infants could eat with 1 bite mainly included 298 buds (Fig. 1a) .
between infants and mothers, there was no significant difference between food items 301 that did and did not require processing in the relative feeding indices (Tables IIa and   302 IIIa). Food items that required processing contained roots and seeds, and the average 303 relative feeding indices of 2 food items (Q. crispula acorns and P. lobata seeds) had 304 negative numbers (Fig. 1b) . For instance, the average relative feeding index of Q.
305
crispula acorns (Table I ; Food item No. 2) was -1.04 ± 2.31 (N = 4; range = -4.2-1.0).
306
Infants did not tend to spend less time feeding on Q. crispula acorns, which required 307 the cracking of the shells. In addition, the infants spent more time feeding on P. (Tables IIb and IIIb) , size, 337 height, and processing affected the difference in the time spent feeding by mothers 338 and infants, and each effect had the same tendency as the above analysis (Tables IIa   339 and IIIa). Fracture toughness was not selected in the best-fit model (Table IIb) .
340
However, the second fit model with a △AIC of less than 2 contained fracture 341 toughness.
342
Although fracture toughness did not cause a major difference in the selection of 343 food between mothers and infants, all average relative feeding indices of the food 344 items that were tougher than 2000 J/m 2 were positive numbers (Fig. 1d) to other food items (e.g., bark, leaves, and buds) [Nakagawa, 1989; Nakagawa, 1997].
430
In particular, primate infants have a higher requirement for protein compared to 
Relationship between food height and food selection by infants (Hypothesis 4)
439
Infants fed relatively more frequently on food items that were located at low 440 positions than their mothers. Since infants were only carried for 0.41% of the time,
441
infants had to climb trees by themselves to feed on solid foods in winter. In addition,
442
Japanese macaque infants over 4 months of age tend to decrease their proximity to A. arguta is a woody liana that twines around itself and forms a stable foothold. Thus,
464
A. arguta may be more accessible to infants than other food items that are located at 465 a height of over 5 m.
466
Incidentally, it has been reported that the time allocated to arboreal travelling was TABLE I. Percentage of time spent feeding by infants and mothers, the relative feeding index, and the physical properties of food items.
Percentage of time spent feeding on food items was averaged for 4 focal infants and 4 focal mothers. The food items were arranged according to the time that infants spent feeding on them. The relative feeding index of the food item was averaged among mother-infant pairs that were used in the calculation of the relative feeding index. "-" denotes a negative correlation between the relative feeding index and the physical property, while "+" denotes a positive correlation between them. A positive number for the relative feeding index indicates that infants fed less than their mothers did on a food item. The coefficient is from maximum-likelihood estimation. SE is the standard error of the coefficient. A negative number indicates that infants fed more than their mothers did on a food item, while a positive number indicates that infants fed less than their mothers did on a food item. The means of each food item in Table I are plotted. The number on the right side of the plot represents the food item number in Table I. (a) Size: Food item size was classified into 2 categories: (1) small: eaten by infants in 1 bite, and (2) large: eaten by infants in two or more bites.
(b) Processing: The need for processing food items was divided into 2 categories: (1) no processing required before a food item was taken into the mouth, and (2) processing required before a food item was taken into the mouth. The fracture toughness of 32 food items that the macaques were observed to use their incisors to make the initial bites was measured.
